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Abstract. 

We derive model-independent constraints on chirality-changing terms in the muon decay La- 
grangian using limits on neutrino mass. We consider all dimension-six operators invariant under 
the gauge symmetry of the Standard Model which contribute to either a Dirac neutrino mass or 
muon decay. Taking an upper limit on neutrino mass of leV, we derive limits on the contributions 
of chirality-changing operators to the Michel parameters four orders of magnitude tighter than the 
current experimental constraints. We also identify two operators which, due to their flavor structure, 
are not constrained by neutrino mass. If near-future experiments find contributions to muon decay 
\& • from these operators, it could indicate interesting flavor structure in physics beyond the SM. 

o 

^ INTRODUCTION 

In this paper (for a more detailed discussion see yj]), we use the current limits on 
neutrino mass of ~ leV 10, IH to constrain the contributions of physics beyond the 



Standard Model to chirality-changing terms in the muon decay Lagrangian 

AC 

^~ decay = I gin e e r^vvr y ^ . (i) 

We consider the contributions of all SU (2) x [/(l)-invariant dimension-6 operators 

*f = I%M 6 V)+h.c. (2) 

to muon decay. Some terms in mix at 1-loop order with the 4D and 6D neutrino 
Dirac mass operators 

{ m]ad=L A ^E and oL = ZW« (3) 



TABLE 1. 6D operators which contribute to m v and their 
contributions to the gl^. 
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where A,5,C,Z) are flavor indices and = i% 2 §. After electroweak symmetry breaking, 
these neutrino mass operators give contributions to m v of 

—v —v 3 
8m ( y )AD = -^f A M,AD (v) and §mf AD = ^J^ C m,Ad( v ) ■ ( 4 ) 

Thus, m v can give constraints on the terms in Eq. © which mix into 0^ AD and 0^^ D . 



CALCULATION 

We list in Table [l] the linearly independent operators contributing to m v , with their 
contributions to ji decay. Only 0^ AD and 0^\ BCD are important for ji decay. 0^ AD and 

Ow\ D are suppressed due to the derivative on the guage boson. All other 6D operators 
which contribute significantly to ji decay affect only g e ^ with e = ji. 

We calculate the mixing of the Oj into 0^ AD and 0^ AD . We obtain order-of- 

magnitude estimates for their contributions to C M * D : 



O 



(6) 



o 



B,AD 

(6) 

W.AD 



o 
o 



o {6) 

V,AD 

(6) 

F, BABD 

(6) 

F.ABBD 



c 



M.AD 



c 



M.AD 



c 



c 



M.AD 
A 

M.AD 



r 4 

^M.AD 



a 



An cos 2 Ow 



-C 



B.AD 



3a 



r' 



An sin 2 9w 

Iaa ^6 
167? ^V,AD 

fnB r e 

■^l^F.BABD 
fBB r 6 



W.AD 



167T 2 FABBD 



To obtain the contributions of 0\ 



(6) 



to CfjA D , we calculate the mixing amongst the 6D 



operators and solve the renormalization group equations for the coefficients C - (v). The 
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TABLE 2. Upper bounds on the contributions of the O ■ to the \g^ R ' RL \. 

Of jjgl \8 T lr\ \8 S rl\ \8 T rl\ \g V LR \ \g V RL \ 

0f e ^ D 4xl0- 7 2xl0- 7 .... 
4xl0- 7 

- - 8xl0- 5 4xl0- 5 

0<L - - 8xl0- 5 



4 6 U - - - - 8 10 - 

c!~ 6 L - - - - - 2 x 1(T 4 



resulting limits are weaker by ~ (v/A) 2 than those from mixing into 0$ AD . 



RESULTS AND CONCLUSIONS 

Table 13 gives our upper limits on the gj^'or - These bounds are ~ 4 orders of magnitude 
stronger than a recent global fit to the experimental data [4] and ~ 2 orders of magnitude 
stronger than the results of a two-loop analysis q] of constraints from neutrino mass. 
We note that these limits are model-independent, but could be evaded by fine-tuning. 

Two operators not shown in the table, Fee „ D and C^ 6 ^ e£) , contribute to gf£ and 

ST 

Srl ' respectively, but are not constrained by m v . However, as they differ from other 

(6) S T 

f abcd on ly by flavor, we naively expect their contributions to g^ LLR to be similar 

to those of the other F ABCD . An observed large contribution to g FLLR could be an 
indication of new physics with interesting flavor structure. These operators could be 
relevant if current measurements of the Michel parameter P by TWIST [8] give a 
value disagreeing with the Standard Model. 
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